Documento de Trabajo lvie
WP-Ivie 2024-02

HIPGDAC-ES: HISTORICAL POPULATION
GRID DATA COMPILATION FOR SPAIN

(1900 - 2021)

F. Goerlich




Los documentos de trabajo del Ivie ofrecen un avance de los resultados de
las investigaciones economicas en curso o analisis especificos sobre debates
de actualidad, con objeto de divulgar el conocimiento generado por dife-
rentes investigadores.

Ivie working papers offer a preview of the results of economic research under
way, as well as an analysis on current debate topics, with the aim of disseminating
the knowledge generated by different researchers.

La edicién y difusion de los documentos de trabajo del Ivie es una actividad
subvencionada por la Generalitat Valenciana, Conselleria de Hacienda y Mo-
delo Econémico, en el marco del convenio de colaboracién para la promo-
cién y consolidacion de las actividades de investigacion economica basica y
aplicada del lvie.

The editing and dissemination process of Ivie working papers is funded by the
Valencian Regional Government's Ministry for Finance and the Economic Model,
through the cooperation agreement signed between both institutions to pro-
mote and consolidate the Ivie's basic and applied economic research activities.

Todos los documentos de trabajo estan disponibles de forma gratuita en la
web del lvie http://www.ivie.es. Al publicar este documento de trabajo, el lvie
no asume responsabilidad sobre su contenido.

Working papers can be downloaded free of charge from the Ivie website
http://www.ivie.es. Ivie's decision to publish this working paper does not imply
any responsibility for its content.

Cémo citar/How to cite:

Goerlich, F.J. (2024). « HIPGDAC-ES: Historical Population Grid Data Compilation
for Spain (1900-2021) —Version 0 (beta)—». Working Papers Ivie n.° 2024-2. Va-
lencia: Ivie.

http://doi.org/10.12842/WPIVIE_0224

Version: marzo 2024 / Version: March 2024
Edita / Published by:
Instituto Valenciano de Investigaciones Econdmicas, S.A.

C/ Guardia Civil, 22 esc. 2 1° - 46020 Valencia (Spain)

DOI: http://doi.org/10.12842/WPIVIE_0224


http://www.ivie.es/

Documentos de Trabajo lvie

WP-1vie 2024-2

HIPGDAC-ES: Historical Population Grid Data Compila-
tion for Spain (1900-2021)
—Version 0 (beta)—

Francisco J. Goerlich’

Abstract

Historical population grids are scarce or rather nonexist-
ent. This work represents a first effort in this direction.
Using historical cadastral data and homogeneous popu-
lation data at municipal level, constructed in different
projects, we generate, for the whole of Spain, population
grids with 100m x 100m and 1km x Tkm resolutions and
all census years from 1900 to 2021.

These grids are top-down. The methods used are similar
to those used in the generation of population grids for
the entire globe in the last decades by combining infor-
mation from satellite images with demographic infor-
mation from censuses.

Given the richness of cadastral information, and the pos-
sibility of going much further back in time than satellite
information, we can generate much older population
grids. Although far from perfect, these grids provide a
better approximation to the distribution of the popula-
tion in those years than the simple consideration of the
municipal population or the count in the settlements de-
rived from the gazetteers associated with the censuses.

The possibility of taking our estimates up to 2021, where
we have a bottom-up population grid from the Spanish
National Statistical Institute (INE) derived from the 2021
census allows us to validate our methods, albeit only for
the most recent dates.

This database should be considered work in progress,
subject to validation through experimentation, and may
undergo changes in the future.

Keywords: Population; Census; Population Grids; De-
mography.

JEL classification: J11

Resumen

Las grids de poblacién histéricas son escasas o mas bien
inexistentes. Este trabajo representa un primer esfuerzo
en esta direccién. Utilizando datos catastrales historicos
y una base de datos homogénea de poblacion a nivel
municipal, construidos en diferentes proyectos, genera-
mos, para toda Espafia, grids de poblacién con resolucio-
nes de 100m x 100m y Tkm x 1km y todos los afios cen-
sales desde 1900 hasta 2021.

Estas grids son top-down. Los métodos utilizados son si-
milares a los utilizados en la generacion de grids de po-
blacion para todo el globo terrestre en las Ultimas déca-
das combinando informacién de imagenes de satélite
con informacién demografica de censos.

Dada la riqueza de la informacion catastral, y la posibili-
dad de retroceder mucho mas en el tiempo que la infor-
macion satelital, podemos generar grids de poblacién
mucho maés antiguas. Aln lejos de ser perfectas, estas
grids proporcionan una mejor aproximacion a la distribu-
cion de la poblacion en aquellos afios que la simple con-
sideracion de la poblacion municipal o el recuento en los
asentamientos derivado de los nomenclatores asociados
a los censos.

La posibilidad de llevar nuestras estimaciones hasta
2021, donde disponemos de una grid de poblacién bot-
tom-up procedente del Instituto Nacional de Estadistica
(INE) derivada del censo de 2021, nos permite validar
nuestros métodos, aunque sélo para las fechas mas re-
cientes.

Esta base de datos debe considerarse un trabajo en
curso, sujeto a validacién mediante experimentacion, y
puede sufrir cambios en el futuro.

Palabras clave: Palabras clave: Poblacién; Censos;
Grids de poblacién; Demografia.

Clasificacion JEL: J11
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1.

Introduction

Historical population grids are scarce or ra-
ther nonexistent. This work represents a first
—but maybe not the last— effort in this direc-
tion. Using historical cadastral data and ho-
mogeneous population data at municipal
level, constructed in different projects, we
generate, for the whole of Spain, population
grids with 100m x 100m and 1km x Tkm res-
olutions and all census years from 1900 to
2021.

These grids are top-down

The methods used are
similar to those used in the generation of
population grids for the entire globe in the
last decades by combining information from
satellite images with demographic infor-
mation from censuses

Given the richness of cadastral information,
and the possibility of going much further
back in time than satellite information, we
can generate much older population grids.
Although far from perfect, these grids pro-
vide a better approximation to the distribu-
tion of the population in those years than the
simple consideration of the municipal popu-
lation or the count in the settlements derived
from the gazetteers associated with the cen-
suses.

The possibility of taking our estimates up to
2021, where we have a bottom-up popula-
tion grid from the Spanish

derived from the 2021
census allows us to validate our methods, al-
beit for the most recent dates.
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The structure of the work is as follows. The
data sets used, as well as their advantages
and disadvantages, are described in detail
below. Section 3 details the methods, and in-
dicates the various products generated. The
following section briefly reviews the results
obtained for the 1km x 1km grids and the
entire period considered. Section 5 performs
a tentative validation exercise with the lim-
ited information available. Finally, the paper
concludes with a brief reflection.
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2.

Original information

Although the main sources of information
for the generation of the top-down popula-
tion grids are a historical compilation of ca-
and the ho-
mogenised census population data at mu-
nicipal level —Local Administrative Units
(LAU)- , the work uses
other complementary sources for quality im-

dastre data

provement. This section describes in detail
the different databases used.

2.1. Historical settlement data
compilation for Spain (1900-
2020): HISDAC-ES

download and process the
cadastral information of more than 12 mil-
lion buildings and their features. After a cer-
tain harmonisation of the different existing
cadastres in Spain —five in total-, they trans-
form the vector information of the building
contours into point vector information, and
the different features are transformed into
raster layers with 100m x 100m resolution.
The database is labelled as HISDAC-ES*. Val-
idation exercises carried out by
indicate that the database is of ac-
ceptable quality, especially in recent times,
probably higher than remote sensing prod-

2 The version used in this work is version 2, which corre-
sponds to the final published work (Uhl et al. 2023),
and is substantially improved from the initial version.
The database is available in figshare.
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ucts, although at the beginning of the cen-
tury the quality of the information is consid-
erably reduced due to the problem of dating
the buildings in the cadastre, the so-
called survivorship bias.

The volume of information generated is
enormous —743 raster layers— and many of
the variables provided have been classified
by five-year intervals since 1900. The raster
information is provided in different coordi-
nate reference systems (CRS), includ-
ing —EPSG:3035—, which is
the reference system for European grids
, for all Spanish territory.

This information constitutes the main sup-
port on which the population will be allo-
cated. Of all the variables offered, the most
appropriate for redistributing the resident
population by administrative unit over the
territory —the grid cells with a resolution of
100m x 100m- is total building indoor area
(RES_BIA), which is available for each decade
from 1900 to 2020 —approximate in line with
the decennial census—. This variable includes
the two most relevant factors in the pro-
cesses of spatial disaggregation of the pop-
ulation : the residential

3 European Terrestial Reference System 1989 (ETRS89) -
Lambert Azimutal Equal Area (LAEA).
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function and an indicator of the height of the
buildings.

However, cadastral information is not uni-
form in space and time, and this affects the
quality of the population redistribution.

From the spatial point of view, the existence
of 5 cadastres for the whole territory, one for
the majority of Spain, and 4 for each of the
provinces under a different tax system from
the rest of the Spanish territory —the 3 prov-
inces of the Basque Country and Navarre—
affects the uniformity of the available infor-
mation.

For example, RES_BIA is not available in any
year for the 3 Basque provinces —Alava,
Guipuzcoa and Vizcaya—. Simply this variable
is not in the data model of the cadastres of
the Basque Country. In 2020, for Alava we
only have information on residential building
footprint area (RES_BUFA), so that we lose in-
formation about the height of the buildings.
And for Guiplzcoa and Vizcaya we do not
even have information on the use of the
building, so that only the building footprint
area (BUFA) is available. As a result, the dis-
aggregation process should incorporate in-
formation from these two varia-
bles, RES_BUFA, and BUFA, in some cases.

As mentioned at the beginning of the sec-
tion, if we go back in time, things get worse.
, the HIS-
DAC-ES database has some deficiencies in its

As recognized by

early years. This situation is not uniform in
space and affects some places more than
others. The main problem is the so-called
survivorship bias. The HISDAC-ES database
infers the age of the building from the date
given in the cadastral information, but this
date may not correspond to the initial date
of construction of the building. The reason is
that cadastre changes the date of construc-
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tion of a building if there has been a restora-
tion or modification of the building of a cer-
tain entity, and does not keep record of
these changes —at least in the available pub-
lic information—. As a result, it remains un-
known whether a construction date repre-
sents the truly first establishment of a build-
ing at a given location or whether there was
a similar built-up structure existing prior to
that. The problem is noted by

, section 4.6, which indicate how it is
especially evident for some municipalities at
the beginning of the 20" century, and urge
users to take precautions when analyzing the
data in the long term.

There are also minor problems that have to
be taken into account. For example, we have
the opposite situation to the survivorship
bias, buildings that existed in the past, but
have been demolished are no longer in the
cadastre, hence they are not contained in
HISDAC-ES. Also, the function of a cadastre
building is the current function, and perhaps
in the past its function was different. In addi-
tion, it is not certain whether all the charac-
teristics of a building refer to the same date,
or if they were measured on the date that is
listed as the construction of the building. As
already mentioned, HISDAC-ES is the result
of combining 5 different cadastres with dif-
ferent data models, and there may be incon-
sistencies between them. In fact, we have al-
ready indicated that some important varia-
bles are not available in all cases. Finally,
treating buildings as point elements, rather
than polygonal, and managing them as ras-
ter layers, rather than with the original vector
information, introduces certain distortions
which, given the magnitude of the database,
are necessary in order to reduce the compu-
tational burden.
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In any case, everything indicates that these
are minor problems compared to the survi-
vorship bias, but it is necessary to take them
into account when evaluating the results and
to consider that these should improve over
time, as they have a smaller impact on the
currently available information than they did
at the beginning of the 20™ century.

To get an idea of the importance of the sur-
vivorship bias in extreme cases we can exam-
ine which municipalities lack cadastral infor-
mation in the different census years of the
twentieth century. If we intersect the munic-
ipal  boundaries  with  the layers
of RES_BIA, RES_BUFA and BUFA of HISDAC-
ES, we will observe that none of the munici-
palities have zero intersection only from
1970. Even in 1960, there is a municipality
that does not have information about build-
ings in HISDAC-ES. It is a small municipality,
Beizama (20020) in the province of
Guiplzcoa, with only 460 inhabitants. Of
course, this problem gets worse as we go
back in time. In 1950, this lack of information
affected 4 municipalities, 15 in 1940, 29 in
1930, 57 in 1920, 111 in 1910 and 171 in
1900. In all cases, except for a minor excep-
tions in the first decades of the 20™ century,
these are very small municipalities.

It should be noted that this is a general prob-
lem that affects all of the municipalities, alt-
hough it manifests itself in an extreme way
in some more than others, and is also pre-
sent in large cities. Natural aggregation to
cells, especially Tkm x Tkm, dilutes this prob-
lem and smooths the survivorship bias, alt-
hough quantification of the problem is ex-
tremely difficult.

4 The consultation was carried out through Luis Julian
Santos Pérez, Chief of Service of the Directorate General
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A problem related to the survivorship bias,
not mentioned in , has to do
with the dating of many rural isolated farm-
houses whose cadastre date does not really
correspond to the date of construction.
Many of these buildings were inhabited at
the beginning of the 20™" century and grad-
ually ceased to be so throughout the second
half of that century. The indications of this
incorrect dating are evident from the field-
work and direct consultation to the cadastre
data of certain buildings. The problem in
some places is so obvious that a direct and
personal consultation on this matter was
made to the rural section of the cadastre.
The answer is particularly revealing:

“...it must be taken into account that the
collection of information on the dates of con-
struction of buildings on rural land, was car-
ried out for most of the national territory in a
massive way in the 1990s.

This work was contracted to external
companies which made a construction sheet
that reflected among other features, its use
and an estimated date of seniority.

The nature of the fieldwork carried out,
as well as the enormous task of covering the
entire national territory, sometimes prevented
the exact date of construction from being
known, in such a way that it is not possible to
guarantee the usefulness of this data to be
used in publications of a scientific nature that
may require more rigour." (e-mail dated
28/04/2023)

There is no apparent solution to this type of
problem, but it is necessary to be aware of it

of Cadastre, and specialist in the historical cartography
of Cadastre (Santos 2019).
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in order to be able to evaluate the results ob-
tained.

What is obvious is that the information of
HISDAC-ES must be complemented with an-
other, especially in the first decades of the
20™ century, if we start from municipal infor-
mation to generate historical grids of popu-
lation.

2.2, Historical municipal popula-
tion data: 1900-2021

The main source of population information
is the homogeneous database of

These au-
thors generate estimates of municipal popu-
lation with the structure of municipalities
from the 2011 census, so that they take into
account the municipal alterations —mergers
and segregations, total and partial- occurred
between 1900 and 2011. We therefore have
homogeneous municipal populations for the
8,116 municipalities that appear in the 2011
census. In addition, to reach the most recent
date, the database is expanded with the
populations of the 8,131 municipalities of
the 2021 census.

The contours of the municipalities come
from the

with reference dates 01/01/2012, for
the period 1900-2011 —8,116 municipalities—
,and 01/01/2019, for 2021 -8,131 municipal-
ities—. Since the municipal enclosures
and boundary limit lines database is contin-
uously updated and the does not main-
tain historical data, these are collected and

organized by

> The ESPAREL project has been financed by the BBVA
Foundation within the Program of "Aid to Scientific Re-
search Teams in Digital Humanities', call 2019.

Documentos de Trabajo lvie

2.3. Settlement coordinates from
1887 census:

As has become clear in the description of
HISDAC-ES at the beginning of this section,
we must incorporate external information
that mitigates, as far as possible, the survi-
vorship bias.

An independent geocoding project of the
historical population entities contained in
the gazetteers of the late eighteenth and
nineteenth centuries is . The main
objective of
a spatial data infrastructure (SDI) that allows
linking the spatial planning of the Old Re-
gime with that of the liberal State at the end
of the 19th century, and at the same time
with the current one. For this purpose, the

existing population entities in the 1787 cen-

has been to generate

sus —census of Floridablanca—, and those of
the 1887 Spanish Gazetteer —corresponding
to the census of the same year— have been
linked with the Basic General Gazetteer of
Spain (NGBE), which is geocoded, as well as
other external geocoded information cur-
rently available from regional cartographic
institutes or map viewers accessible through
external queries from APlIs.

From our point of view, what matters is that
the gazetteer of 1887 is relatively close to
1900, which is our first year for the genera-
tion of historical population grids from HIS-
DAC-ES, and for which we have the point co-
ordinates of 58,837 population entities, cov-
ering almost all of the current municipalities.
We incorporate this information for those
municipalities in which HISDAC-ES lacks it.
This solves all the cases mentioned above
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https://urldefense.com/v3/__https:/www.ign.es/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9E4HkiALw$
https://urldefense.com/v3/__https:/www.ign.es/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9E4HkiALw$
https://urldefense.com/v3/__https:/www.ign.es/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9E4HkiALw$
https://urldefense.com/v3/__https:/www.ign.es/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9E4HkiALw$
https://urldefense.com/v3/__https:/ropenspain.github.io/LAU2boundaries4spain/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GQ_HTy0Q$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$
https://urldefense.com/v3/__https:/www.fbbva.es/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EgyEEYng$
https://urldefense.com/v3/__https:/www.fbbva.es/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EgyEEYng$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$

except those of 4 newly created municipali-
ties, for which the homogeneous popula-
tions of

indicate the existence of population,
but not cadastre —HISDAC-ES—, neither

gives geocoded information that al-
lows to bound in the space the population of
these municipalities®.

It should be remembered that the geocoded
information of
buildings, but to the population entity itself.
However, the number of buildings and their
plants are available in the database and, by
construction, they are residential buildings.

does not refer to

From this information a variable was con-
structed which adds the buildings once mul-
tiplied by their plants, which in a certain way
represents the closest to the Vvaria-
ble RES_BIA of HISDAC-ES, except that the
coordinates do not correspond to individual
buildings, but to the population entity. This
vector point information was transformed
into a raster layer with the same structure as
the HISDAC-ES layers. Note that each entity
will belong to a single cell of 100m x 100m,
regardless of its size, but since these are en-
tities of low demographic weight this is not
expected to generate many distortions, es-
pecially on cells added to a resolution of Tkm
x Tkm.

¢ These municipalities are Badia del Vallés (08904),
Vegaviana (10902), Alagén del Rio (10903) and Vencil-
l6n (22909), and its population only exceeds 1000 in-
habitants for Badia del Vallés (08904) in 1950. In the
other years the municipalities for which we lack support
to allocate the population are extremely small. For ex-
ample, in 1900 these populations ranged between 276
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As a last resort, for the municipalities for
which we do not find information either
in , we use the coordinate of the
capital of the municipality, which is available
in the Gazetteer of Municipalities and Popu-
lation Entities (NGMEP) of the . Like the
coordinates of this vector point in-
formation was transformed into raster layers
with the same structure as those of HISDAC-
ES, and the population of the municipality
assigned to the corresponding cell. The small
size of the population in this case makes dis-
tortions minimal.

2.4. Other information used

In addition to the above information, used in
the process of downscaling the municipal
population to the grid, the

, version R2023A

, with resolution of Tkm x Tkm, were
used for the years 1980, 1990, 2000, 2010
and 2020 to compare their results with those
obtained by our methods. The is a
worldwide product that had to be masked by
Spain’s administrative boundaries for com-
parison with our results.

inhabitants for Badia del Vallés (08904) and 5 inhabit-
ants for Alagon del Rio (10903).


https://urldefense.com/v3/__https:/www.fbbva.es/publicaciones/cambios-en-la-estructura-y-localizacion-de-la-poblacion-una-vision-de-largo-plazo-1842-2011/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9Fop85eaw$
https://urldefense.com/v3/__https:/www.fbbva.es/publicaciones/cambios-en-la-estructura-y-localizacion-de-la-poblacion-una-vision-de-largo-plazo-1842-2011/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9Fop85eaw$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$
https://urldefense.com/v3/__https:/www.ign.es/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9E4HkiALw$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/download.php?ds=pop__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9HD6mpaOQ$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/download.php?ds=pop__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9HD6mpaOQ$
https://urldefense.com/v3/__https:/data.jrc.ec.europa.eu/dataset/2ff68a52-5b5b-4a22-8f40-c41da8332cfe__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G-zsM8Aw$
https://urldefense.com/v3/__https:/data.jrc.ec.europa.eu/dataset/2ff68a52-5b5b-4a22-8f40-c41da8332cfe__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G-zsM8Aw$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
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Downscaling historical municipal population data: Methods

The methods are relatively simple, and are
not very different from those used in the
production of the population grids

The approach is based on the well-known
raster-based dasymetric mapping (Wright
1936, relying mainly on the
variable RES_BIA from HISDAC-ES to restrict
and refine the distribution of people. Even in
1900, this covers 93% of municipalities, that
increases to 97% in 2021. When, for a given
municipality, this information is insufficient
or non-existent other less appropriate varia-
bles are used following a clear predefined
order.

For each period, population grids were pro-
duced following a clear and concise volume-
preserving dasymetric mapping approach at
LAU level. So, for a given period we iterate
over municipalities. Given a vector census
layer of municipal boundaries and a HIS-
DAC-ES raster layer, for a populated munici-
pal polygon (source zone) we proceed as fol-
lows:

1. If a particular municipality has infor-
mation on the total building indoor
area (RES_BIA),
population proportionally to RES_BIA.

then we downscale

2. If there is no information on RES_BIA,
but the municipality has residential
building footprint area (RES_BUFA),
then we downscale population propor-
tionally to RES_BUFA.
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3. If there is no information on the previ-
ous variables, but the municipality
has building footprint area (BUFA),
then we downscale population propor-
tionally to BUFA.

4. If thereis no information on HISDAC-ES

for a given municipality, then we use
the
tion entities to redistribute the munici-

coordinates of popula-

pal population.

5. As a last resort, if no other information
is found in neither HISDAC-ES or
we assigned municipal popula-
tion to the coordinates of the municipal
capital.

It should be obvious that the process is car-
ried out for each year and municipality se-
quentially.

The raster dasymetric mapping approach is
implemented on the original resolution of
the HISDAC-ES raster layers, 100m x 100m,
and the population per cell rounded to inte-
ger values at this resolution using LAU pop-
ulation as totals —with the exception of the
2011 census, jwhose population values pub-
lished by are real, @'!—. Hence, popula-
tion grids are integer valued at this resolu-
tion, and aggregated afterwards to the
standard resolution of 1Tkm x 1km, in raster
and vector formats.

Table 1, below, shows the population of each
census and the number of inhabited cells es-
timated with the above algorithm. According
to our estimates, while the population has
multiplied by 2.5 in the period 1900-2021,
the inhabited cells have only doubled.


https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/agile-gi.eu/images/conferences/2016/documents/shortpapers/152_Paper_in_PDF.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9Fm9v-iNA$
https://urldefense.com/v3/__https:/agile-gi.eu/images/conferences/2016/documents/shortpapers/152_Paper_in_PDF.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9Fm9v-iNA$
https://urldefense.com/v3/__https:/doi.org/10.1111/0033-0124.10042__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GdtUWY7Q$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$
https://urldefense.com/v3/__https:/www.esparel.com/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G6_fz6mA$
https://www.ine.es/
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Table 1. Census population and estimated inhabited grid cells

Year
1900
1910
1920
1930
1940
1950
1960
1970
1981
1991
2001
2011
2021
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ments. The number of inhabited cells contin-
uously increases up until the last two years,
2011 and 2021. In this case the last census,
2021, shows a significant drop in the number
of inhabited cells compared to the previous
census, 2011. One might think that this trend
is due to the huge population growth be-
tween 2001 and 2011, as opposed to the low
population growth between 2011 and 2021.
However, this is not the case. It is easy to
show that the result is, in a way, a statistical
the fact that
published population data in real

artifact derived from
he
figures for the 2011 census, which as

itself acknowledges was not a good

—

tegers at the 100m x 100m cell level for all
years except 2011, where the results of the
disaggregation process are not rounded.
The result is that the population in real fig-
ures overestimates the number of inhabited

18,830,649
20,360,306
22,012,663
24,026,571
26,386,854
28,172,268
30,776,935
34,041,482
37,682,355
38,872,268
40,847,371
46,815,916
47,400,798

71,767
74,151
80,511
86,32
93,146
101,09
108,576
116,357
127,34
133,553
138,636
148,719
143,292

cells. If for 2011 we round off the population
figures to integers at the 1Tkm x 1km cell
level’, then the population obtained is
46,815,731 persons, slightly different from
the total census population —table 1-, and
the number of inhabited cells would be
143,808, much more in line with the trend
observed in table 1. Even in this case the
number of inhabited cells would be slightly
lower in 2021 than in 2011, but given the
magnitude of the differences we cannot rule
out that this would not be the case if the
rounding were done at the level of 100m x
100m cells.

Another curious fact, which is not possible to
observe only with the information in table 1,
is that the trend observed for the years 2011
and 2021 in our estimates is radically differ-
ent from that observed when we compare
the only two population grids published
by INE, derived by bottom-up procedures,
and which correspond to the 2011 and 2021
censuses, where the inhabited cells in 2021
practically double those that existed in 2011
As indicated in

would be different if we rounded at the 100m x 100m
cell level.


https://www.ine.es/
https://www.ine.es/censos2021/censos2021_meto.pdf
https://www.ine.es/censos2021/censos2021_meto.pdf
https://www.ine.es/
http://go.uv.es/goerlich/Censo2021
http://go.uv.es/goerlich/Censo2021#la-grid-de-poblaci%C3%B3n-censal-2011-versus-2021

this is due to a design ef-
fect in the generation of the 2011 grid, which
makes it unreliable for determining the ac-
tual number of inhabited cells in Spain in
that year.

As a result of this process, we have 13 raster
population layers with resolution of 100m x
100m, 13 raster population layers with reso-
lution of Tkm x Tkm, and a vector file with all
populated cells in at least one census year —
geopackage format (gpkg)—, as well as the
cell indicator according to the

directive®. This information can be
accessed from the following .

The whole process was performed using free
software based on the statistical computing
system R using

(Wickham et al. 2019) for
data wrangling, sf library (Pebesma 2018) for
handling vector information and
(Hijmans 2023) and (Pebesma and Bi-
vand 2023) libraries for handling raster infor-
mation.

8 This information can be accessed from the following
site: https://zenodo.org/records/10818016.
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http://go.uv.es/goerlich/Censo2021#la-grid-de-poblaci%C3%B3n-censal-2011-versus-2021
https://urldefense.com/v3/__https:/inspire.ec.europa.eu/id/document/tg/gg__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9E3neCGqg$
https://urldefense.com/v3/__https:/inspire.ec.europa.eu/id/document/tg/gg__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9E3neCGqg$
https://urldefense.com/v3/__https:/cran.r-project.org/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G93WRIKQ$
https://urldefense.com/v3/__https:/www.tidyverse.org/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9FGibvT2g$
https://urldefense.com/v3/__https:/www.tidyverse.org/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9FGibvT2g$
https://urldefense.com/v3/__https:/r-spatial.github.io/sf/reference/index.html__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9FgUdBkUw$
https://urldefense.com/v3/__https:/rspatial.github.io/terra/reference/terra-package.html__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9HT-u8vXA$
https://urldefense.com/v3/__https:/r-spatial.github.io/stars/index.html__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9FLOagkoQ$
https://zenodo.org/records/10818016
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Historical population grid data at 1km x 1km resolution: 1900-2021

This section illustrates some of the results
obtained from the 1km x 1km resolution
population grids. In a way, it has a dual pur-
pose. On the one hand, it is a first descriptive
analysis of the historical evolution of the
population distribution in this format. On the
other hand, it serves as a first tentative vali-
dation exercise, in the sense of examining
whether the results obtained are in agree-
ment with the main known historical trends
in the evolution of the distribution of the
Spanish population throughout the 20t cen-
tury and the beginning of the 215t century.
These trends are well known

First, table 2 shows the distribution of cell
sizes in relative terms over the period 1900-
2021°. Large trends are observed at the ex-
tremes of the distribution. Thus, cells with a
small population, up to 10 inhabitants, go
from representing 12% in 1900 to more than
tripling in 2021, representing 42%. At the
other extreme, cells with more than 1,000 in-
habitants also increase their relative weight,
although only those with more than 10,000
inhabitants show a marked trend. In this
case, their relative importance is low, not
even reaching 1% in 2021, but their weight
has increased fivefold in these 120 years. The
remaining cell sizes, above 25 and up to
1,000 inhabitants, show a decreasing relative

° Given the population increase over the period 1900-
2021 all results are shown in relative terms.

% The rest of the trends, the displacement towards ur-
ban municipalities and provincial capitals (Goerlich and
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importance, especially in the interval be-
tween 100 and 200 inhabitants.

Second, table 3 shows the percentage of in-
habited cells out of the total at the Autono-
mous Community level, i.e. the proportion of
inhabited area with a resolution of Tkm x
Tkm. Naturally, given the increase in popula-
tion, all regions show increasing percentages
of human occupation, but in some regions
the trend is particularly striking. Thus, the
Community of Madrid multiplies its occu-
pied area by 6.4, Andalusia by 4.2, Extrema-
dura by 4.8 and the Region of Murcia by 2.5.
The results also show, clearly, the regions
with the most dispersed population —in the
sense of showing greater human occupation
of their territory—, Galicia, Asturias and the
Basque Country. In 2021, with the exception
of Ceuta and Melilla, only Galicia exceeds
60% of populated territory, although the Bal-
earic Islands, the Basque Country and the
Principality of Asturias exceed 50%, whereas
the Region of Murcia is right in this percent-
age.

Two well-known trends in the evolution of
distribution

20™ century is its tendency to move towards

population throughout the
the valley and towards the coast
. Using data from
it is possible to quantify these
trends from the generated population grids.

Molla 2021), cannot be examined on the basis of the
generated information, since the origin of it is municipal
data.


https://urldefense.com/v3/__https:/www.ief.es/docs/destacados/publicaciones/revistas/pgp/102.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EvzFIZ0A$
https://urldefense.com/v3/__https:/www.ief.es/docs/destacados/publicaciones/revistas/pgp/102.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EvzFIZ0A$
https://urldefense.com/v3/__https:/www.ief.es/docs/destacados/publicaciones/revistas/pgp/102.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EvzFIZ0A$
https://urldefense.com/v3/__https:/www.ief.es/docs/destacados/publicaciones/revistas/pgp/102.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EvzFIZ0A$
https://urldefense.com/v3/__https:/www.ief.es/docs/destacados/publicaciones/revistas/pgp/102.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EvzFIZ0A$
https://urldefense.com/v3/__https:/www.ief.es/docs/destacados/publicaciones/revistas/pgp/102.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EvzFIZ0A$
http://go.uv.es/goerlich/GridStatistics
http://go.uv.es/goerlich/GridStatistics

Table 2. Distribution of cells (%) by population size
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Upto 10

1205 1197 1306 1452 1658
(10, 25] 1496 1479 1545 1595 1638
(25, 50] 1558 1527 1492 1492 1475
ERGoM 1716 1693 1690 1640 1583

ROl 1605 1610 1579 1515 1435
(200, 300] 751 772 743 695 656
(300, 500] 669 686 645 629 590
TORLCl 545 550 524 501 490
REEl 408 435 423 421 408
(5000,
0000 034 035 037 040 043
(10000,
50000) 008 010 010 013 014
S 005 005 006 007 009

20000
100.00 100.00 100.00

Source: HISDAC-ES and Census 1900-2021.

Table 4 shows the evolution of population
distribution by altimetric cuts for the period
1900-2021, where altitude is measured, as is
population, at cell level
comparability, the same altimetric cuts are
, and
broadly very similar trends are observed. If
the resident population below the 200 me-
ters range was about a third in 1900, in 2021
it reached 53%. The rest of the intervals de-
creased their relative importance, with the
strip above 1,000 meters of altitude showing
the biggest decrease.

For

used as in

Finally, Table 5 shows the evolution in the
distribution of the population according to
its distance to the coast in different inter-
vals''. Distance, like population, is measured
at cell level

" Distances are measured in a straight line from the cell
to the coastline of the layer of administrative contours
of IGN (Goerlich and Perez 2021). Calculations were
made on the grid projection, ETRS89-LAEA.

19.58
16.89
14.51
15.05
13.28
6.06
5.40
4.58
3.95

0.46

0.14

0.09
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__1900] 1910] 1920 1930] 1940 1950] 1960 | 1970 1981 1991 2001] 2011] 2021]

2324 2917 3483  37.81 4005 42,64 4225
17.07  17.00  16.85 1670 1630 1585  15.90
1406 1375 1296 1238 1200 1115 1113
14.02 1289  11.55 10.77 9.91 8.96 8.91
1227  10.53 9.03 8.22 7.54 6.76 6.65
5.42 4.45 3.82 3.44 3.21 3.05 3.08
4.95 4.13 3.54 3.26 3.18 3.08 3.14
4.22 3.57 3.12 3.06 3.06 3.13 3.25
3.96 3.55 3.25 3.30 3.59 4.05 4.27
0.50 0.51 0.52 0.53 0.60 0.75 0.80
0.18 0.28 0.31 0.32 0.36 0.41 0.44
0.12 0.16 0.22 0.21 0.19 0.18 0.19

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Clearly, Spain was already a coastal country
in 1900
a quarter of its population was located on a
10km strip from the coastline, but in 2021
this percentage reached 40%. The rest of the
intervals, between 10 and 200km, have seen
their relative population decrease, and the
slight rise in population observed at more
than 200km off the coastline, 3 percentage
points, is undoubtedly due to the increase of
the metropolitan area of Madrid

since

On the whole, the results seem reasonable
and show the major trends already known
about the evolution in population distribu-
tion throughout the 20™ and early 215t cen-
tury, measured at the municipal level

although we are far
from a real validation exercise, but at least
this shows that the estimated grids makes
sense.


https://go.uv.es/goerlich/Sup3D
https://urldefense.com/v3/__https:/www.ief.es/docs/destacados/publicaciones/revistas/pgp/102.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EvzFIZ0A$
http://go.uv.es/goerlich/GridStatistics
https://urldefense.com/v3/__https:/www.jstor.org/stable/40215936__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GJL9rqfw$
https://urldefense.com/v3/__https:/www.ief.es/docs/destacados/publicaciones/revistas/pgp/102.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EvzFIZ0A$
https://urldefense.com/v3/__https:/www.ief.es/docs/destacados/publicaciones/revistas/pgp/102.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EvzFIZ0A$
https://urldefense.com/v3/__https:/www.ief.es/docs/destacados/publicaciones/revistas/pgp/102.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EvzFIZ0A$
https://urldefense.com/v3/__https:/www.ief.es/docs/destacados/publicaciones/revistas/pgp/102.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9EvzFIZ0A$
https://urldefense.com/v3/__https:/www.ign.es/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9E4HkiALw$
https://urldefense.com/v3/__https:/ropenspain.github.io/LAU2boundaries4spain/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GQ_HTy0Q$
https://urldefense.com/v3/__https:/spatialreference.org/ref/epsg/etrs89-etrs-laea/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9F3v8DIhA$
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Table 3. Share (%) of inhabited cells by Autonomous Community

[ e e e e e e e [
79 9.7

72 118 145 178 205 226 252 267 283 309 300
58

6.0 6.3 6.6 71 7.7 8.2 8.8 10.0 10.6 10.8 12.0 111

Piielzeee 476 482 488 492 496 505 516 519 521 522 522 539 518
de Asturias

316 322 360 375 395 411 431 466 500 518 532 549 546

218 226 243 259 277 303 336 364 401 427 458 478 477
258 264 340 380 390 397 402 410 416 423 425 436 428
E:St'”a d 9.0 93 103 108 113 118 123 128 139 146 150 162 153
43 45 51 57 64 72 80 90 111 124 137 159 147
Mancha
308 316 325 334 344 362 379 405 435 451 461 483 472
SO 197 208 230 256 279 304 336 383 434 456 467 501 475
Valenciana
37 39 47 57 78 96 113 125 143 154 166 195 178
546 556 574 587 597 605 612 620 631 641 646 657 648
Comunidac " g 68 74 85 102 126 170 236 330 361 382 413 412
e Madrid
@

20.2 217 261 295 328 380 409 43.1 45.6 472 48.4 50.3 50.0

Comunidad
Foral de Na- 11.0 1.1 113 115 118 122 12.8 13.6 15.0 15.9 16.7 17.7 17.8

354 348 360 373 387 404 415 440 478 495 511 527 524
87 89 93 96 102 111 120 138 157 167 172 193 175

154 154 231 359 410 513 590 590 641 641 641 641 641
Melilla 111 194 306 361 361 389 417 417 417 417 472 472 472
P T 139 144 156 168 181 196 211 226 247 259 269 289 27.8

Source: HISDAC-ES and Census 1900-2021.

Table 4. Population share (%) by altitude (m)

Up to 200m 335 34.1 35.2 36.3 37.8 39.1 417 46.5 49.8 50.9 51.6 524 53.0
(200, 600] 30.7 30.5 30.1 29.4 28.6 27.9 26.9 24.7 23.2 22.7 22.5 223 22.0
(600, 1000] 30.2 29.9 29.7 29.6 294 29.0 27.9 26.4 25.2 24.7 24.4 239 237

1000m 57 54 5.1 4.7 43 4.0 35 2.4 18 1.6 15 14 13

Total 1000 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Source: HISDAC-ES and Census 1900-2021.

=
>
Q
S

Table 5. Population share (%) by altitude (m)

Up to 10km 24.5 25.1 25.7 26.8 27.9 28.8 30.6 347 37.2 37.8 38.2 39.0 395

(10, 501 228 223 217 208 200 194 192 186 184 183 184 185 186
(50, 100] 158 157 156 152 150 148 139 125 117 116 113 109 107
OO 196 194 193 191 188 184 171 145 131 127 121 113 107
M;’(;g;r:a“ 174 175 177 181 182 186 192 196 196 197 200 203 205

CS 1000 1000 1000 1000 100.0 100.0 1000 1000 100.0 100.0 100.0 100.0 100.0

Source: HISDAC-ES and Census 1900-2021.
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Comparison with other population grids

5.1. Global Human Settlement
Layer Population grids

The
publishes, in its version R2023A,
population grids between 1975 and 2030
with a five-year periodicity'*, resolutions of
100m x 100m and 1km x 1km and projec-
tion Mollweide'*. We can therefore compare
our results for the years 1981, 1991, 2001,
2011 and 2021 with the correspond-
ing GHSL results for 1980, 1990, 2000, 2010
and 2020. After all, our disaggregation meth-
ods are similar to those wused by
the
alt-
hough our support where to place the pop-
ulation differs substantially. In our case the
background information comes mostly from
the Cadastre, while in the case of
the the information comes mainly
from raster layers of built-up area with a
functional classification —residential versus
non-residential- and an estimation of built-
up volume through building height.

The comparison is made only from the Tkm
x Tkm resolution. Once the tessellations cor-
responding to Spain have been downloaded
and extracted, we join them together and cut
them by the IGN administrative contours

12 Of course, grids for the years 2025 and 2030 are pro-
jections.

'3 The information is also provided in geographic coor-
dinates, WGS84 reference system, with resolutions of 3
and 30 arcseconds.

identical to those used for the generation of
the population grid, once all the information
has been transformed to the same coordi-
nate reference system (CRS). The pro-
vides population figures per cell in real terms
—and we have already observed that this is
not a trivial matter when determining the
number of inhabited cells—. To be consistent
with our estimates we round cell-level pop-
ulation figures to integers, with the excep-
tion of 2010, as the 2011 census population
figures are real, so we must retain this fea-
ture for comparison purposes.

Table 6 compares the population and inhab-
ited cells from our estimates —table 1- with
what we get from the from the previ-
ous process. The populations are reasonably
similar, but the number of inhabited cells is
not. The shows a much higher number
of inhabited cells than our estimates, in the
order of twice as many inhabited cells. All in-
dications are that estimates disperse
the population excessively. For 2011 we ob-
serve, in the estimates, the same ef-
fect as in HIPGDAC-ES related to the actual
population. In fact, if we round up
the population in 2011 at cell level the
number of inhabited cells decreases to

265,081, slightly above 10%.


https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/epsg.io/54009__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GkzS9J_Q$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/agile-gi.eu/images/conferences/2016/documents/shortpapers/152_Paper_in_PDF.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9Fm9v-iNA$
https://urldefense.com/v3/__https:/agile-gi.eu/images/conferences/2016/documents/shortpapers/152_Paper_in_PDF.pdf__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9Fm9v-iNA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/epsg.io/4326__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9G-LVtMng$
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Table 6. Population and estimated inhabited grid cells: HIPGDAC-ES versus GHSL

HIPGDAC-ES

Year

1981 37,682,355 127,34

1991 38,872,268 133,553
2001 40,847,371 138,636
2011 46,815,916 148,719
2021 47,400,798 143,292

Source: HIPGDAC-ES, Census 1900-2021 and GHSL2023A.

Table 7 displays the distribution according to
cell sizes in relative terms during the years
that are common between HIPGDAC-ES
and . The differences here are quite re-
markable. estimates do not show a
definite trend, but a high stability, unlike the
estimates of HIPGDAC-ES. The proportion of
cells of very small size, up to 10 inhabitants,
is significantly higher in than in HIPG-
DAC-ES, and exceeds 50% in all years. The
opposite is larger cells,
always offers less relative im-
portance. This minor relative importance is
actually perceptible in all cell sizes above 25

true for

inhabitants.
To compare the similarity between percent-

age structures we can calculate the following
discrepancy statistic:

§ =258y = Su [1]

Where Sqand S, represent the percentage
structures under comparison.

17

1980 37,539,291 261,795
1990 38,941,450 263,393
2000 40,796,668 261,898
2010 46,634,491 298,11
2020 47,424,225 262,423

This statistic, 8, ranges between 0, if both
percentage structures are identical, and 1, in
the case of maximum discrepancy, when per-
centage structures do not overlap.

The value of §, expressed in percentage
terms, 100 x §, ranges from 17.2 in 1981 to
9.8 in 2021, with a monotonous downward
trend. This convergence is clearly due to the
tendency observed in the evolution of the
percentages of HIPGDAC-ES, showing a clear
growth in time of the smaller cells, which
generates an approximation of the percent-
age structure of HIPGDAC-ES to the percent-
age structure of

Together, our estimates, HIPGDAC-ES, and
those of show notable differences in
the few dimensions in which we have com-
pared them. What is not clear is which of the
two estimates is more realistic, as everything
has to disperse the pop-

ulation in excess, with a higher relative num-

indicates that

ber of cells than would be reasonable for the
smaller cell size.


https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
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Table 7. Distribution of cells (%) by population size: HIPGDAC-ES versus GHSL

I HIPGDAC-ES
Up to 10 3483 3781 4005 4264
10, 25] 1685 1670 1630 1585
(25, 50] 1296 1238 1200 1115
(50, 100] 1155 1077 991 896
(100, 200] 903 822 7.54 676
(200, 300] 382 3.44 321 305
(300, 500] 354 326 3.18 3.08
(500,
10001 312 3.06 3.06 313
(1000,
£000) 325 330 359 4.05
(5000,
100001 052 053 0.60 075
(10000,
500001 031 032 036 041
More
than 022 021 0.19 0.18
20000
100.00  100.00  100.00  100.00

Source: HIPGDAC-ES, Census 1900-2021 and GHSL2023A.

5.2. GEOSTAT=2021: Census 2021
population grid

Finally, we make a brief comparison of our
estimates for 2021, HIPGDAC-ES, with the
grid generated by from the 2021 census,
GEOSTAT2021, which has been generated by
bottom-up methods and, in principle, we
consider it to be the reference grid

The first difference between our estimates
and GEOSTAT2021 refers to the number of
inhabited cells. While GEOSTAT2021 indi-
cates that we have 115,410 inhabited cells,
our estimate gives a value of 143,292 cells -
table 1-, i.e. 24% more. This gives us a first
indication that HIPGDAC-ES tends to show a
greater dispersion of the population than the

' The reasons why we did not make the same compar-
ison with the grid generated by INE from the 2011 cen-
sus, GEOSTAT2011, is because its production method is

42.25
15.90
11.13
8.91
6.65
3.08
3.14

3.25
4.27
0.80

0.44

0.19

100.00
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| wweepaces | ________Ghst |
___tos1] 1001 _2001] 2011|2021 1980 _19%0] _2000] _2010] 2020

51.64 51.04 51.85 54.51 51.48
17.19 17.37 16.82 15.50 16.47
10.76 10.92 10.52 9.64 10.19
8.17 8.20 7.87 7.35 7.73
5.14 5.17 5.06 492 5.16
1.88 1.90 1.92 1.94 2.09
1.51 1.56 1.66 1.74 1.93
1.42 1.45 1.65 1.67 1.87
1.72 1.79 2.03 2.11 2.36
0.32 0.33 0.36 0.36 0.40
0.19 0.19 0.21 0.20 0.23
0.06 0.07 0.06 0.06 0.09
100.00 100.00 100.00 100.00 100.00

real one, understanding by this the one of-
fered by GEOSTAT2021.

Table 8 compares the distribution of cells, in
relative terms, by population size for 2021
resulting from our estimates, HIPGDAC-ES,
with that observed in GEOSTAT2021. This
percentage distribution is relatively similar,
and discrepancies are only observed at the
extremes of the distribution. GEOSTAT2021
shows a lower percentage of very small cells
than that observed in HIPGDAC-ES, up to 10
inhabitants, and a higher percentage of
larger cells. The discrepancy index, 100 X §,
between both percentage structures is 2.9,
much lower than the one we observed when
comparing HIPGDAC-ES with the .
which was 9.8 for the same year.

not comparable with GEOSTAT2021 and generated
some undesirable results (Goerlich (2024), section 5)


https://www.ine.es/
https://urldefense.com/v3/__https:/ghsl.jrc.ec.europa.eu/__;!!D9dNQwwGXtA!UEzPRZWIb-jsSdQMMY-BnJRIyNzXxRUts1AzYmg6Jx0rm8E-seIL3s9h-SiyJTinqP9BpAho_Aas-VUraVAoR9GCFDRToA$
http://go.uv.es/goerlich/Censo2021#la-grid-de-poblaci%C3%B3n-censal-2011-versus-2021

Table 9 compares the distribution of inhab-
ited cells by Autonomous Community and, in
this case, the differences are notable, as a re-
sult of the fact that HIPGDAC-ES offers a
greater number of inhabited cells. In fact, in
all regions, except in the Balearic Islands, Na-
varre, Ceuta and Melilla, GEOSTAT2021 of-
fers a lower percentage of inhabited cells
than HIPGDAC-ES, the differences being par-
ticularly striking in the Region of Murcia and
the Community of Valencia. At the national
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level, while HIPGDAC-ES indicates that in-
habited cells account for 27.8% of the total,
GEOSTAT2021 reduces this percentage to
22.4%.

Table 10 compares the percentage distribu-
tion in terms of the altimetric cuts and shows
a high level of agreement. The discrepancy
index, in percentage terms, 100 x §, is only
0.28.

Table 8. Distribution of cells (%) by population size: HIPGDAC-ES versus GEOSTAT2021

[ mteva | HIPGDACES | GEOSTAT2021 |
4225 39.35
15.90 15.89
1113 1142
891 939
6.65 6.88
3.08 3.31
3.14 3.38

(500, 1000] 3.25 3.53
427 493
080 1.04
044 062
019 025
100.00 100.00
Source: HIPGDAC-ES, Census 1900-2021 and INE (GEOSTAT2021)

Table 9. Share (%) of inhabited cells by Autonomous Community: HIPGDAC-ES versus GEOSTAT2021

Code Region

Andalucia

Aragoén

Principado de Asturias
llles Balears

Canarias

Cantabria

Castilla y Ledn
Castilla-La Mancha
Catalufia

Comunidad Valenciana
Extremadura

Galicia

Comunidad de Madrid

| Code _ [Region |
[ 1 Andauda
[ 2 Jaegen
[ 3 [pincipadodepstuias |
[ 4 [Mesmales |
| 5 Jcweis
| 6 Jcmtbia |
| 7 |stlayten |
| 8 [CestlelaMancha |
[ 9 ot
[ 0 [ComunidadValenciana |
[ 1 [edremadwa |
[ 2 Jeliea
| 13 |ComunidaddeMadrid |
[ 4 [RegiondeMurda |
[ 15 | ComunidedoraldeNavara |
| 6 easveco |
| 7 JRoa
[ 8 eewa
[ 9 Mes
L Jrow

4 Regién de Murcia
Comunidad Foral de Navarra
6 Pais Vasco
7 La Rioja
8 Ceuta
\IEHIES
Total
Source: HIPGDAC-ES, Census 1900-2021 and INE (GEOSTAT2021)

HIPGDAC-ES GEOSTAT2021

30.0 21.6
111 79
51.8 489
54.6 64.9
477 46.5
42.8 411
15.3 13.0
14.7 7.8
472 40.2
475 36.2
17.8 9.6
64.8 62.5
41.2 353
50.0 35.9
17.8 18.8
524 50.1
175 13.1
64.1 69.2
472 50.0
27.8 22.4



Table 10. Population share (%) by altitude (m):
HIPGDAC-ES versus GEOSTAT2021

GEOSTAT2021

Up to 200m 53.0 o
(200, 600] 22.0 21.9

237 23.6

More than
1000m

Source: HIPGDAC-ES, Census 1900-2021 and INE (GEO-

13 12

STAT2021).

Finally, table 11 compares the percentage
distribution in terms of distance to the coast.
In this case the percentages in the various
cutoffs are virtually identical. The discrep-
ancy index, in percentage terms, 100 x §, is
only 0.12.

Overall, the results show a high degree of
agreement in relative terms, although signif-
icant discrepancies remain in absolute terms,
i.e. in terms of inhabited cells.
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Table 11. Population share (%) by distance to
the coast (km): HIPGDAC-ES versus GEO-
STAT2021

GEOSTAT2021

More than
200km

Source: HIPGDAC-ES, Census 1900-2021 and INE (GEO-

20.5 20.5

STAT2021).

It is illustrative to calculate the confusion
matrix —crosstabulation— between the two
grids for 2021. This matrix is given in both,
absolute and relative terms in table 12. Of
the inhabited cells in GEOSTAT2021 only
8.3% —9,598 cells— are not inhabited in HIPG-
DAC-ES. Thus, almost all the inhabited cells
in the INE census grid are also inhabited in
our estimates. On the contrary, of the inhab-
ited cells in HIPGDAC-ES, there are 26.2% of
cells —37,480 cells— that are not inhabited in
GEOSTAT2021.

Table 12. Cross tabulation of cells: HIPGDAC-ES versus GEOSTAT2021

e [ v [ ot |

105,812 37,48

9,598 358,404
Total 115,41 395,884

Source: HIPGDAC-ES, Census 1900-2021 and INE (GEOSTAT2021).

Percentages (%)

1.88 70.10 71.97
22.57 77.43 100.00
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Map 1. HIPGDAC-ES versus GEOSTAT2021 - Murcia: Celdas habitadas

Tobarra
\

Hel’lini
Elche de la
Sierra

1éscar =
Parque
Naturol
Slerra de;

20 km /Albox Huércal-Overa
10 mi it Lt \/_\{

Re. 2 reyy
Ontinyent

=

Cocentaina
7

Alcol / Alcoy
Callosa d'e
Onil -~ pi Sarria
Castalla’” A

Xixona /Jijona

Sanpjoang
d'Alacant
AlacarltrﬁAI'i-Eahte
e

Elx./Elche

74

Albatéra Z20CRclay
y
Almoradi

Orihuéla
1

3
Torrevieja

r dela
ada

Leafiet | © OpenStreetMap contributors

Note: For an interactive version of the map, please see https://www.uv.es/goerlich/Ivie/HIPGDAC-ES

Source: HIPGDAC-ES, Census 1900-2021 and INE (GEOSTAT2021).

To informally examine the discrepancies in
absolute terms, it is illustrative to compare
both grids, HIPGDAC-ES and GEOSTAT2021,
on a map. Maps 1 and 2 give this visual im-
pression for Murcia and Castelldn, where, ac-
cording to table 9, the discrepancies are no-
table.

In the case of Murcia (map 1), the greatest
dispersion of the population —in the sense of
a greater number of inhabited cells- is evi-
dent, especially in the interior and in a more
dispersed rural population.

In the case of Castellon (map 2), we observe
a similar effect, especially in the interior of
the province, although somewhat less pro-
nounced. Probably, the existence of build-

21

ings classified as residential in Cadastre al-
lows the algorithm of population distribu-
tion to assign population to them, although
in practice they do not host resident popula-
tion.

It is possible to offer a quantitative measure
of the discrepancy between both grids by a
simple modification of the § discrepancy sta-
tistic. In this case both grids add the popula-
tion of the 2021 census, so that to narrow the
index to the interval [0, 1] it is enough to re-
scale it by the population:

_ Zefrer”]

6,
2.3cPc

(2]

where C indexes the grid cells.


https://www.uv.es/goerlich/Ivie/HIPGDAC-ES

This statistic, 8, ranges between 0, if both
grids are identical, and 1, in the case of max-
imum discrepancy, when there is no overlap
between the inhabited cells in both popula-
tion grids. Thus, and assuming that GEO-
STAT2021 is the true distribution of the pop-
ulation, Prefcin (2), 100 x §' can be inter-
preted as the percentage of population that
we place incorrectly on the territory, where
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the accuracy of the inaccuracy in the location
is determined by the grid resolution.

The value of &', in percentage terms, 100 x
§', for HIPGDAC-ES and GEOSTAT2021 is
11.8. Which indicates that our disaggrega-
tion algorithm places, in 2021, about 12% of
the population over the territory incorrectly.

Map 2. HIPGDAC-ES versus GEOSTAT2021 - Castellon: Celdas habitadas
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Note: For an interactive version of the map, please see https://www.uv.es/goerlich/Ivie/HIPGDAC-ES

Source: HIPGDAC-ES, Census 1900-2021 and INE (GEOSTAT2021).
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6.

Concluding comments

This paper presents a general methodology
to generate census population grids from
conveniently homogenised historical cadas-
tral information and ho-
mogeneous population series at municipal
level

from 1900 to the last available census.
The generated information is available as
raster layers in resolutions 100m x 100m and
Tkm x 1km, and, in the latter case, the grids

are also available in vector format.

Although validation of the results is compli-
cated by the lack of historical data, an exam-
ination of the trends shown indicates that
the results appear reasonable. Comparison
with the population grids indicates
that our estimates appear more accurate
than in these grids, which tend to over-dis-
perse the population, and generate a very
high number of inhabited cells. A compari-
son with the INE 2021 census grid, GEO-
STAT2021, yields encouraging results, as
they are relatively coincident in many dimen-
sions, although it is clear that our estimates
tend to over-disperse the population, espe-
cially in rural areas. In fact, this is a well-
known bias of the dasymetric methods of
spatial
given the difficulty of limiting the allocation

disaggregation ,

of population to residential areas that are
not the main residence for most people.
Overall, although the estimates seem far
from perfect, they are an improvement on
the population distribution from municipal
data, where the population is either concen-
trated in one point —a cell- or spread evenly
throughout the municipality.

It should be noted that this work offers initial
estimates of grids of census population from
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1900 to the present, but that it is an initial
estimate —version 0 (beta)- that must be sub-
mitted to validation by experimentation of
the results obtained and, if possible, en-
hanced with additional available infor-
mation. Therefore, it should be borne in
mind that this is work in progress, that can
be improved in the future, and on which any
comment is welcome. The development of
alternative methods of generating historical
population grids, based on the geocoding of
gazetteer settlements

, can

shed light on the quality of these estimates.
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